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£ biz, mmnts^mmL Aixmi&mmft zvftmmm*?'** xv-r-f ? 

TV^„ 09*.^ CVD. PVD^Wliffii^Oil^ftaffi, t/zmt-^ 
(G. D. Wilket al. J. Appl. Phys., 89, p.5243 (200l)) o L/^L&^£> N ^ y ^ _ 

2 



ftiZtehbty%&Vt<DmWfci%—?j:mim&ft&^ZZki>^mX-&Z> (M. Ritala 
etaL, Science, 288, p319 (2000)) o L^Lft;^^ ^Cff 2fe <5 PJI 9 (C&V^T 

&#F2E£;frTV^<5 (T. P. Niesen, J. Electroceram., 6, pl69 (200l)) o Z.tlt><D^ 
— *\ i»-otLt, *Bfe££*fc^RjSU *>o;(W7k5HHf-«J: t>zkB6£ 
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m^^:^>^^y^-^Jvm^^\h^X\^^) (#1¥9 - 2 4 1 0 0 8 -5§-^#) c ^ 

m f a » . -r & , @ w-m m i - # & -r 5 * s£ & <d * { c £ o t si £ *l t v > & , 

^m^lfe^m^^mf* J: < Mitf 5 r i: , $ <b K*£* ^ Ill -14 

fan, mmttMftx^ vimfefthv^ ^^m^^mmm^^i,, m^^mmum 

<5 ^1 <h t 5 0 



7 u^/ux*®-tj:mfr*ft^z&mmfc®<Dmm&mm&mmmt>ft,z> ^t* 

5 O 

(2) Hffia^m^^^^^^^^^^xtt^f±^^M^^^-t?fcs (1) (cia 

fc, ^JR<k^t!ft*^*^l!gai*^U#5#«^4fe^!R*$*5XSE 
i x «tffB&JRS6^fc«jS^aa*> Lt*iMl^« 
t5IiFlr^P,tft5 (1) Xte (2) iCfaifeOiSlit^feo 

(4) tuiBxmc t «riBxsD'©iw»!i % fl&iExmc-c^$nfc^jRife>fbJi^® 

(1) Xtt (2) fc|Btt©ili3t*-«fe 0 

(5) BUfEXgC i HuEXgDOffit, HiffEXmA~CS.tJ? / /X«HfjiBX^E^. 



M&mmzmf8.-rz> (4) ^ism^^at^-feo 

(7) mmzihz, 2i«±©^ii«i, «*M^-f y Rs&^/xte 

X« (6) }-|5tt(7)M3t*-&o 

(1) huie (i) ~ (7) <D\,^-rtifricmm<Dmm.jjmz.£ v mhthzmmkm 

(2) mm<D&mmk^frh?j:&&mmkmm* 2m^±^-r^mmw-mmmm 

(DitWmmfr 1~4 Ot^D, 1 MV c m-i (Dlt?rM tfc t # (Dltltl^ 
1 O -i2~ i 0 -»A c m~2 V) , ^o$|«^^^)KC0j?^^ 1 0 ~ 5 0 

n m -e & ^ ^ i & to £ -t- 5 mm&mmttm<> 
(2) ^tstt^fim^ife^Mo 
o 5 r t t -tzmmftmmmo 

( 5 ) ffitzmm,&mmnm\z. 1 m v c m-i <Dnm*m ufc t % <Dmtimmm& 

0-i2~l 0-3A cm-2-C£>5 (4) ^|E«cDff m^j^TO,, 

(6) tfrfS^m^^^^i^<Dj¥^^ i n m ~ i M m fji,5 (4) Xtt (5) lUfS 
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(7) im&±<D&mm<tmmRTfmm4£&tomfribti:ztfin{*mmnm*m-r 

5 (7) i:EI©iifr»ltlft t 

o) mtz&mmkvomi^&tiz&mik&ws i7t.m*^& (7) x« (8) 

(10) ffi3BVg*#|6JftttlK<Z>JfcVitt4B£S 1-10 (7) ~ (9) 

(id BuiEitm^i^^^^^ i mv c m-i 0>«4§&rai ufc t £ <z)*)i*Lm^ 
i^io-"~io-JAcm-2ffc5 (7) ~ do) <D\,^~rtifriz.'mm.v>ffin 

(12) jtufB^«#£»f %k<DW.3*~& 1 nm~l O^mtfeS (7) ~ (11) 
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a - 2)jft^n-r) j»mmfci&Mm<Dmffi( 1 b - 1 )&xfmw( ib-2), 
ftwzmik? is ? ^mnitmmm&mm (ic-d xt^® (ic-2) 

Sififi^lt'fcSo 1A-1, 1B-1M1C-I©l|l()li50n 
mTffclK 1A-2, lB-2&t;iC-2OlBj8Dtt20nm-efc5. 

t/»f® (2 a- 2). afer^^^b-^^^^^A/^^^^^/^ji^j^o^® (2 

B-l) XOTffi (2B-2) ©MtfIfi?Xtfe5 0 2A-1W2B 
-1©1 |^i?|j;50 nm-Cfe «9 „ 2 A - 2 2 B-2C1 Ii9|j:2 0 nm 

»3 0ti, ^W^K-fb^^^/gg^^v^^issjiigl©*® (3A-1) X 
tfWHB (3 A- 2), tt^lJi^k^/i'n = r> A/6feft7 >^ y^liSI©^iS (3 
B-l) &T*»rffi (3B-2) OtSt^SfilX^fcS. 3A-1W3B 
-l<Dl@^!9tt50 nmT?fc % 3 A - 210=3 B- 2 © 1 Si!) (42 0 nm 

14 011 «i!©M^i^{^M^AT-#SLfcv'!i*/PDDA 
y K«i«#i|l6»*ffll©£® (2f£fcA- 1) 3lt*»rffi (^}£A- 2), &z>* 

1 Rtf&mB- 1 W 1 g^!9 IZS 0 nmT'fc 9 , ^i&A- 2W^B - 2 <D 1 

i/^m&mfc (mis) *cf<*/$~- <Dj ^h'—y^^^KM-r^m^m^ 
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1 oafi, S S G 1 0 Wl*lf®Oii5^tiSii«^m^^-efe5 0 

•5 o 
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X&Z> ^ £ &m^X*h 9 > 1. 0x10 i4~ 2. 0xl0i<Si/cm2ffe5Ci 

^*ffi^^ri-5^^«^< , «^^^«^^^©s#^jai:3i^-rsi t&x% 

tr^s & ±m b# 5 tigs £ wi- s &mit&m * ®tm £ & 5 ig a & ^--r § 0 
Tkmm * ±j& l# 6 ^mm & m-r z> h co x* &ti « # k m m tt * v\ ft & 

-ffc-^&^-rtUi, #lx.fc£. ^^h^r^R (Ti(0-nBu) 4 ) . v^m-^A 
^"nzK^v-K (Zr(0-nPr) 4 ) , ^^A^ h^v/ K (Al(0-nBu) 3 ) x — ^ 

^N=3r^K (Nb(O-nBu)s) > V^yfb7^ h^r^K (Si(0-Me) 4 ) , * * 5?t 
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3i K (B(O-Et)s) x /n^-^A-t b 7 b*is K (Hf(0-nBu) 4 ) ^tf>&Jg 

T^^dr-> K<fb-g*#J ; y 5vt" h y ^ h =¥^^7 ^ (MeSi(0-Me) 3 ) ^ v^^/w;? 
^h^-y-y^y (Et 2 Si(0-Et) 2 ) 2i^±©7;V33rv-;i,S^ft§^j|7 

-r%&mT/u=i3ri/ K ; 9>-^- K-T y^nzjf^v" K (Ln(OiPr) 3 ). 4 y b V $ 
-W y xK^-> K (Y(OuPr) 3 )^<D^±3I£:Jg<£)£:JjlT^=i > K« ; 
BaTi(OR) x ^i?©^;V7;^Jr^ KflS-g^ # ^ P> ft 5 0 

^y K^VKD^i 1 , f^^f^v/ K-r h7V- (C 4 H9O[Ti(0C4H 9 ) 2 0]4C4H9) 

Jr^W^fi. it>fk=i^^h (C0CI2) ^C>^Jl^ciy^>fb#) N =5-$=- ^i=s^-=Jr y 
Tir^A-Ti?^ — h (TiO(CH 3 COCH 2 COO)) 2 ) , * # (Fe(CO) 5 ) 

«^i©Fldfk^ @B{4^^^) x finite (^^-y^ 
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frJPSte&V^ 10 — 100 mm o 1 / L "Cfe § £ £ £S <5„ 

z>^ki>>xzz> 0 ^wvw&xfexte. umBicis^xmmi^^mit^^^ 
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^ff^^s, icD^nTK^-^tt, ^(D^m^x vn? c M^.wf. & 

m<D^m^^^V, JbClIT (2 5°C) {-*5V^"C^^^-e$>§ <b<D&&^ U 

^^i^ (PDDA) Srffl^^ri^^t tV\ PDDAIi, ^t^^^tF 
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~CS.T^/3l«HulBX@ES.tJ ? F^^^< Hi 0#!)ltri:tj; «? , ^*l£> 
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*j-j£L-C^3 0 — 7^3^-> K^/i^^m^^Srfflv^ i: . 1 U- ^ & 

- a <Dm%- <DMm -e # s 0 

3c tel. ^SBW^imG&tfHfcLov^-cgawt-S. 

*±S^:JRIiTffiv^P>^5#±S^JR-r^^f4. & Bitted Jg^ffiOTk^S <t 

(La(N0 3 ) 3 -6H 2 0) % flgft'f y h y * A(Y(N0 3 ) 3 - 6H 2 Oh flg 
(Gd(N0 3 ) 3 -6H 2 0) & £©#±Si&*fl|ifettU iMfc 7 * V 
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(LaCl 3 ■ 6H2O) . 7 v it 7 1/ * ^ (LaF 3 ■ 6H2O) , mt J y b V V A ( YC1 3 ■ 6H2O) „ 
mttf K !) = A (GdCl 3 -6H 2 0) t£ Z<D*>±m&M'^ * yyfbfe, g£g£7^* 
V (La(CH 3 COO) 3 -1.5H 2 OK SS^yhHA (Y(CH 3 COO) 3 - 2H 2 0) J&£© 

(La(O iPr) 3 ) s ^fy hy^A^yyiHTK^v-K (Y(O-iPr)s) ¥ <Difc±M&m 

#< x 09;tff, 1 0~ 1 0 Ommo 1 / L "Cfc -5 £ t fr&mx*h 5 e £f c> 

fc£, 1~2 0^ ^t<(41~10^©ltrat\ 1 0~8 0°C, 03; b< fi^ 

«Jfe3£Sr7kiftS"CgifeU#5j&'ife-C*>fLrf#ti:«!llSH:jfc< . -«J©t Kn^->;k 
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3 3 — 6. 65Pa (10—50 mtorr) x V < ti. 1 3 . 3 — 2 6. 6Pa (100 

— 200 mtorr) ii^ISTibS, £fc s ^/7XvM©7°7Xv 

ti^t-ov^te, 5 — soow, ff*i<ttio~5 0we&5:i^ast*) 
o^t$)5: £ assays -e*>3„ Hgd^^x-rftis^ia^tt. {&m-e&?K 

#l£L< Ht-3 0-3 0 CC-CfeD, £ bl£0£L< fciO-l 0 O^T-fc*), S 

hB^L<nmu (5-4 o°o x^-5 0 

-<-f*±$g (South Bay Technology, USA) tf) PE-2000 7"7Xvi^.f- 
(Plasma etcher) ft ^ -5 ^ t &XZ <5 0 
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P a (lOOmTorrh £f & L<ttl 33. 3 — 1 3 3 3 3. 3Pa (O.l—lOO torr) 

~ 6 O^T'feSo HEM — 6 0 0°C-efc 9 . L< te^EM- 4 OOt 

%.t£, m&9u>m<D&wt IT, ^fil^X' 100-1000 °c. ^ * u< fi 

3 0 0-5 0 0°CT\ 3 0#~H$Rk &l£L< ?2 1 - 2 0 #P^T*&> 5 £ t 

#^9>':7 0 !f&2!i£m^c^?!&^fbM3S (RTA: Rapid Thermal Annealing) 

KM, gfe*#JEE6. 65 — 26. 6Pa (50 — 200 mtorr) ©^JEtifBIX 
fe^mftB 6. 65 — 26. 6Pa (50—200 mtorr) »^BE^**#H^,/0S^g 

ffi-e# 5o*fc^^b^ast<?5^aM^^wsNF^{*, ioo~iooo°c N 

U< J* 3 0 0<C-5 0 0°Ct\ 3 0^5,1^, ^L<ttl~20^ 
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0, »tt<(il 5~40, £ £>M£?l£ L< 2 0~ 3 5 T'fc % 1 MV c m~i 

(omm^^M vtt. t t <DMtimffi&&& 1 o -s^y, u< « 1 o 1 o - 

3Acm- 2 , $?)l^tL<iil 0-i2~10-«Acm-2T'fe^ ft&0£L<«: 
1 o -i2~ lCAc m-2 X*h 0 . d>o^Sft:jt&fajHjg©ff^as 1 ~ 5 0 n m, 
* L<fi5~50nnu £ L<tt5~25n m(D^m^^i^^^|.T*fe 

ft*©»AMiMfcttJB&Wrs«aft#tt, ttftfl^as{£< ( e ,=8.9 S£K 
+ ^-(d^V^m^§r#S r b i-i^f^mXh-Dti (M. Agarwal, Appl. Phys. Lett., 
71,p89l(l997)#J$) 0 *&W<Dmn&ffiMWnte, JtHW4 0«T> IMV 
c m"i (7)m^Pn*PB#<0^i^«^^S^ 1 0 -3A c m _2 WTx ^off^^S 5 0 n m 
£*TT?#>5a>fe, WftCMOS^^DRAM^iftiol^ high- **m^<Dj£ 

i L#5H»l*j| 1 A - 5 AMI 1 B~8 B S£(Df! 3 ~ 6 M)SJ! 

frbmi-£tiz>5tm&^&m&&mfc&yo&mi<^z>z. b^xz^xhrnit^*^^ 
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£JBV^£ £as-c-#5o -©»^©»*^il6»S»JBItt. #c-t£ 

^te l — ioo tfes: k&tfrt. b<.io~ioo -e&s r t y&s j: v) ^< > 

_i <Dmwi%wx\ b/c t #©«Mx«dfM!&&w\ 1 o-i2~ 1 o-^ac m~2 -efc^i 

1 0"7A c m-2T'fc5a^^WI LV\, MS&lfciMSIcD/lL^te. 

^-mtiot^Lfc SrTiOs*^ (200 nm) ©ii;ft,«$««£tt % 0. 
5MV c m-ipp^)P^T*l 0-2 2f— T**>5(Y. Gao, Chem. Master., 14, p5006 

(2002» o rtbicMb-c. ^womn&mmttwi-z, ±m<D£?izi o-»*-^ 

0^JL<iil~10, $^(C0^U<f4l~3-CfcO, lMVcm-i(^m# 
SrMl Lfci: #<E>iI*LflWfEl&&H\ 1 O -i2~ i o ~*A c m-2. 0£ b < fi 1 0 ~ 
i2~ i o -7A c m-2 $ t>\z.&tL L<I4 1 0 1 0 -»A c m^ffe 9 

&Mtik<DW-3>-& 1 nm~ 1 0 u m, KIJ10 nm~ 1 m m. £ L 

<«1 0 0 n m~ 1 /iin-efeS, 
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«fc 5&&jkm:4MK #±iSAjR*»e>3te5#±isiAjRjijsitj«^r«'fk^*jid*e>j5c 
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*mmW-Vfe. fetfcmo. 01~0. 0 2QcmO#cyK-/Lfcp^y 

=x^^^ g (D (ioo) m±^&mmfcm<DMm&mm»im$:fEm^± 0 
2. &mmkmfr h ^mm&BMMM^jmm 

^m\^mh Ltf ^ h=¥v- K (Ti(OnBu) 4 h =» - ? A -f V ^ n aK 

=3r^K (Zr(OiPr) 4 ) > ? /Vx. V * is K (Ta(0-Et) 5 ) MLtiftf^ 

^(Tio 2 )s = ^ (zro 2 ) (Ta 2 o 5 ) <D&mmtm 





mm 


$S ££; (m mol/dm 3 ) 


Ti(OnBu) 4 




100 


Zr(0-iPr) 4 




70 


Ta(0-Et) 5 


h ^ 7 — yu = l/i m&MM 


50 



0 < CT?3#ligiS»£*, 3 0°C©x^/^;Hu^i«Li:i5fe#L, 
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JE1. 83xl04p a (1 8 3mba r), tH^ 3 0W©^#"C^7X^?r4 
0#raflg|tLfc:8L ^^#ffl^4«4 0 0°C-C1 5^»fclL, &mmk®KOffi 

nmmfcmmnmtfmntcmmfcmmmimxfoz ^ t #^>5 0 

S fc°— ^ fi, Ti 2p, Zr 3d, Ta 3d, O 1 RXf C Is 5 e 
[^2] 





mm (nm) 


f&ftjzMMS (at%) 


Ti0 2 


19 


Ti:28, 0:67, C:5 


ZrO z 


17 


Zr:31, 0:66, C:3 


Ta 2 Os 


16 


Ta:25, Q:69, C:6 



23 



mm l-fc^fMftlrt?: b*\Z.£Z>&W, RXFP E C VD (plasma enhanced CVD)^A 
C £"^A,-?^5 C t (Mx.lt, Y.Kim, et al.,J.Appl.Phys.,92,p5443(2002)#Jg o ) 

h/U^^t ;-;v<D 1 : 1 Mil}^^ L/c 1 0 0 mM©f ;? y / h 
v- K (Ti(0-nBu) 4 ) W^^Cl. ±|B<7>^^^J; U^ffi^7K^S^^^U/cv-y n 
>-S$t$r3 0°C-C3;frP*m3i£-£\ #;V^3 Ot©x^/-yH- l^flS»LT 

/Vozh3->K (Ta(OEt) 5 ) ©^^3 O'CfS^FNltS^*, 3 0°C© 

u t ^ * is/mt z^?}\< v^mm zmmm v± 0 n^ti tcmmmm 

£r,^f?fj±l. 83xl04p a (l8 3mbar),^3 0W^frt||7'7 

ofi-mmftt bfc^. ^ig#is^^4 o o o cT- 1 5^>ra^^u. ^fb^* 
^/mt? ^^^(Dmmmm ((Tio 2 /Ta 2 o 5 )io) (-tv 9 hft®^) 
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Lfc50mM©^3^->A^y/n^^v'K (Zr(0-iPr) 4 ) ©ttt50mM 
(Dpi/-? )V^l h df-i/ K (Ta(OEt) 5 ) ^JlV^T, Sft-fk = =• * J*/Wl\\L 9 

^^^(Dmmmm (t^u-hitM) ((zro 2 /Ta2Og)i 0 ) ^tsLfco 



[*3] 



MM 


st^ycm^m-^ (at%) 


Jiff (nm) 


(Ti02/Ta 2 0 5 )io 


Ti l7, Ta:il, 0=65, C-7 


22 


(Zr0 2 /Ta 2 0 5 )io 


Zr:i5, Ta:i2, 0:66, C-7 
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^3 j: i9, v^■f ! ^^^aJiJ^t>^^l i ©4&^t mmic m&mm (uzm) j&ft 

v-k (Ti(oBu) 4 ) <D^^{d N mMmi^mm<Dxmz.£<9mm\z.7kmm* : mmis 
^^m*^ 1 ^mmLxiJuMm^n^\ mm^m-ff^^x^Hvyx^ 
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^mnm*%tmzik*L&-®L*: imyKDmm^i"? ^ (La(No 3 ) 3 6H 2 o) 7kmwt\z. 

#b;h,fc8tJi]g|«:B6*5)-JEEl . 83X1 0*p a (183mbarK ^X^tH 

i5mmu mi?-* is/mt^is? >&mnm ((Tio 2 /La 2 o 3 )io) 

lfc5 0mM©^n^t)A^y/o^^i/K (Zr(0'Pr) 4 ) t 1 mMtf) 

5^^^^^^ (La(No 3 ) 3 6H 2 o) Tkmm&m^x, mt*s>v^=-t7 j^/mt*?^ 

P^mmnm ((Zr0 2 /La 2 0 3 )io) «rf^«S U*i 0 

1 0 0 mM<D^? =. V J*-f h K(Ti(0-nBu) 4 ). 1 mM<£>58^9 V * Is 

(La(N0 3 ) 3 -6H 2 0) 7kmm&T$ h JVzc is t ^ * S — /U(D 1 : 1 «<g-Jgj£ L 
fc50mMO^^/Vxh*>>K (Ta(OEt) 5 ) ©SS^Srffi V^TK^^/Va = A 
/SHk^^^/gMb^^/VflfSfclR ((Zr0 2 /La 2 0 3 / Ta 2 0 5 ) 6 ) ^f^Mbfc 0 
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[*4] 



mm mm 


f$.ft7t^<D&\& (at%) 


mm- (nm) 


(Ti02/La 2 0 3 )io 


Ti:24, La:8, 0:64, CM 


18 


(Zr0 2 /La 2 03)io 


Zr:21, La:9, 0:63, C:7 


17 


(TiO2/La 2 03/Ta2O 5 )6 


Ti:i6, ha-3, Ta:9,0:65, C7 


19 



^mmmx-i-is &mm.^vowt \,x^a^tvx^?>^v # csio 2 ) zm^^x, > 

i/D n is*, h^ris K\ rc^ / — /w n *2fct*!SSfe«r 1:8:4:0. 0 0 7 £>J± 

KO^PTR^^S-a-^ffiil-r^M^i: LX, T^-T (NH 4 ) (DO. 1 m o 1 / 
L7K^^^r4m 1 ^APL, ^Ici BtFTOLT->!) ^ >^ h^r^ KyVi^£p$i 

-/w- i ^mmmvxm^v.mm^f-^^^h^iy v^^^m^vt^. 5 o°c 
c7)-Y^->-3sm7fc^ 1 ^mmmi^xmyK^m^n^^ m^^mm^f^^^k^nnx 

m%Vrtti&1tfrmffi.&, 1 mg/m 1 corf]) ^7y/^^ 

^ (PDDA) (DTk^^fc 2 Ott 1 ^g»LT, PDDA^illf^tfct, 

& N ^-^A : ^?5fH 1. 83X104p a ( 1 8 3 m b a r K ^5Xv|JJ)ij 3 0 
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w©iMi/7x-?^4 o&mm&^ RxfiffeB : mmm 1 . 83x104 

Pa(183mbarh -fy^mti 3 0W^Miy7Xv5r4 0#R8J8I 





Mfifc (at%) 


mm (nm) 


2fi£A 


Si:9, C:61, O:30 


14 




Si:i8, C:36, Q:46 


12 



(1) a 1 &m-&mmfc%>mn&mmnm- s i s=k (mis) 

=. V J*mU &M?£M^feK X o MlS(metal-insulator-semiconductor) 

28 



iotilf3 mm, J¥^l 5 O n mOT^? A#i? ygg^^ Lfc„ 
(2) ^^^bW«^?»J^(D^«^^»J^ 

oxft^tc b—fiM >*—?i'M\z\)bnm-&&tiLftm. (<p) £«r£«Era 
^5in{c^v>T, (•) ti v—ztv^ >-t°~¥i/* (izi) comwm, (x) « 
oe h z ofsisfc&v^T, h — ^^-r ^ t°— izi oitj»w*^&*^t#tt 

% 6 i3k:m i s *v<is?>- <D4 is t°— ^^^^^{d^j-rs^ffiiHis&^^-ro 

^*Ztt*S; (1) tiott^tLS, 

Z = R i+ L_ (!) 

zbimz (i) &mm-tz>k^ 4>-¥-¥^*zrt.yk^ (2) (ommmxm 
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Z=X, + jX 2 




(2) 



2 \-m*CjRj 



<&u (i) Rtf (2) * % j iittHi 1 , co }-i&mm&m& j tth?ti7jk 
izk -«jee#*b (0) &ffim$im » ©iti L-c&iS (3) 



5£ (3) fc±t)R m% C^R^pr^^^-^^iLT, 3Bfth-*/wr 

-ctuf-t-s t^-toT. m4tf-^^mm<omm (R m ) (c m > & 

(S=0.0707 cm2) &fl§V>T3£ (4) £ K> itWmm^W:^ Lfc, 




(3) 



C= 



d 



(4) 



30 



mm. (c m ), ^^ffi^: (R m ) 3go?fcjt«is^5 ( £r ) ^^6^^-t- 0 

(Cm). 3£i5fS}££t (RJ ^.t^Jtfim^ ( £r ) 6 ic^fo 





Rm (Q) 


C m (nF) 


£ r 


Ti0 2 


3.02 x 10 6 


94.7 


29 


Zr0 2 


3.20 x 10 7 


51.1 


15 


Ta 2 0 5 


1.30 x 10 8 


49.3 


14 



31 



(|Z|) XtfrniE-^JEEtefB^ U) «r£«G«JftScte**U /ny Mfc 



[*7] 





Rm (Q) 


C m (nF) 


£ r 


(Ti0 2 /Ta 2 0 6 )io 


1.46 xi07 


91.6 


32 


(Ti0 2 /La 2 0 3 )io 


2.29 x 10 8 


113 


33 


(Zr02/Ta 2 0 5 )io 


1.77 x 10 9 


51.0 


18 


, (Zr0 2 /La 2 0s)io 


9.93 x 10 7 


77.8 


21 


(Ti0 2 /La 2 0 3 / Ta 2 0 5 ) 6 


1.22 x 108 


93.2 


30 



m 7 <fc V (Ti0 2 /Ta 2 0 5 )io>S.t^(Zr02/Ta205)io«. Ti0 2 , ZrOzRXf Ta 2 0 5 **B<7) 
»mX <9 hm\t^ttmnm%7F LT^Se Sfc> (Ti02'La203)io&tKZr02/La20 3 )io 
tts Ti0 2 . Zr0 2 ?g)glJ; *> fc-fcfrb-etbl 0%&U?2 0 %1£;&P 

itL^-ClC Ti0 2 . ZrOzRXf Ta 2 0 5 ^M{CH f % Nb, Sn4^Sr»t5t 
£ £ <fc <9 , i«V^«a^(Dfi6'fb^*flc?*BISr#fc«^W: & « (MitWT, R. B. van 
Dover et al., Nature, 392, 162 (1998), H. Zhang et al., J. Appl. Phys., 87, 1921 

(2ooo)) 0 u^bJfcasfe, 2 o nmmm<Dmmmtfmx»te, mmms o *m?iz>m 

n&mmv>m&Mti&mtcbt£^ 0 (TiO 2 /La 2 O 3 )i 0 &Tj?(Zr0 2 /La20 3 )io <£> 

32 



vmmfcmmcD v—t^j dzn RumM-mm^M^ (q>) 



Cfg8] 





Rm (Q) 


C m (nF) 


£ r 




1.50 x 10 6 


36.7 


8.9 




3.76 x 10 7 


21.2 


5.6 



i8iO, V^-f timmXfeXfamVfz.m'Br-b S i 0 2 ©fl«^ ( e r = 3. 9) 
ftiii^L, ( + ) f2Ti0 2 , (A) ZrORtf (■) Ta 2 0 5 

-r 0 (b)«, «®^m-^^*5^5«tbm^^s<b«#ft^H#^^ (v) « 

(Ti0 2 /Ta 2 0 5 )i(K (□) «(Ti0 2 /La 2 0 3 )io, (T) ft (Zr0 2 /Ta 2 0 5 )io RXf (■) 

(Tio 2 /La 2 o 3 )i 0 sr-^tL^e^-r,, (cm, -> y #/^r*gMi^-f ^ v y ^mm^m 

33 



A, (O) fS^ScB ZZtl^fim-f-o Sfc, ^|lf)©lMVcm-i©iil:Wl 
[*9] 





Stt^^^S (A cm 2 ) 


Ti0 2 


1.6 x 10 3 


Zr0 2 


9.0 x 10 6 


Ta 2 0 5 


8.1 x 10" 6 


(Ti0 2 /Ta 2 0 5 )io 


1.9 x 10 4 


(Ti0 2 /La 2 0 3 )io 


3.3 x 10 6 


(Zr0 2 /Ta 2 0s)io 


1.1 x 10 7 


(Zr0 2 /La 2 0 3 )io 


3.1 x 10" 6 


(Ti0 2 /La 2 0 3 / Ta 2 0 5 ) 6 


4.5 x 10 7 


(SiCWPDDA)™ C^fi; A) 


1.7 x 10 4 


(SiO^PDDA)™ Cfrgi B) 


5.1 x 10 6 



M9 x vmm<Dmm&mmMmb&m<Dmm»mtzitm-fz t. mm^mm 

Ti0 2 nnfcBmWm(DMtimmi-Z l 0~ 3 t^^V^^K (Ti0 2 /La 2 0 3 )io-efil 0~6 

l#T^^if^^ / >u-cv^fc 0 ^*ui, ^^o«iit^)£^iS?a-e^^*n ! a (4oo°o 

Si0 2 /PDDA ^ffilte. Sr^, ^ol 2nmgg(Df^ 

34 



H9^h*^K (Hf(0-nBu) 4 ) ©igiftSr, UttM 1 l-fBgcO#j£ £ Ha«fci, 
l-*ift«S:^^bfc^y 3 0 o C-t?3^^g«$-e:, &Vn-? n 30°C(D 

?frmmm*m&.M!&&i£tco ^h^it^^mm^, mm&i. 83xio*p a 

(1 8 3mb a r h ttit) 3 0W©^ttt||/7Xv^4 0 #fflflBlt LfcflL & 
a§#ffl£t*4 O Otf 1 Hf0 2 ffmf«§l (S S G 1 0) *f^« 

s s g i o ©wffi^ss^iBSiaw^pmfit^icsr^ i o mi^-t 0 mi om 

(a) i >? S S G 1 0 li, tlnmtloT, mmfo\Zi)*'2j®—\Zj&f& $ *lTVn 
5rtW5 o 1101 (b) j; 9 S S G 1 0 fi, JglJ*5. 7 nmOH 

fOjftS i S^ir^i? 2 . 9 n m<D «f» mM £ <fc 9 * tLT -5 £ t ftft 
^5. XPSifflt©^^?), fffflSH:^ — *tS i 0 2 ST?fc5rt^ 

^5. *?c, 1101 (c) iOSSGlOd, aJf^T K-*>*fc#ft©fc^i&— /j;J?^. 

35 



s sg i ocdh f o 2 j^Msr/s i 02* mm<Dmm%$t 1 0 

ill t°y3-r^y^^iv>T2ii© Hfo 2 »!8£ (sp-o 

HRXISP-H) ^r#^bfc 0 

S P-OH(Difi5^ffi^^il«^^m^T^^b/c^*^^l 2m^7jk-t a 
mi2M (a) £9. S P-OHf«Wnm<D^|g^;goT^/&£;frTV^>^ 
^(Dm^-^-X-^^. kfrftfr% o j£f c Jgi20 (b) J;«9, SP-OHOH 

t^>5o £fc3U 2® (c) «fc S P -OHte^mj? 1 3. 4 n 
m©Hf0 2 IiS iIitIH2. 4 n mCDtFf^S t J: 9 frTV^ ^ 

t^^o *fc, xpsi^©^^?,, ffim*pmmiz%3— & s i o 2 stfc 

5:tW 0 f Co * fcB 1 2 0 (c) £9, SP-OH©Hf 0 2 iJgtf±^ 
^A^JLib^S ~ S P -OHCD^ffil /KV K^j&^tLfcr 

(mi 2 0 (c) (DfUmxmAstc&ft), SP-OH©Hf 0 2 il©¥^ 

m^^s i oz^mmvmmzm 1 o ^-r. 

^tS EMllta «?3fc#>fcS P — H CD H f 0 2 M^(D^mmm^m 101: 



[^1 0] 



Hf0 2 <DUM 


Hf0 2 g / nm 


Si0 2 S / nm 


SSG10 


5.7 


2.9 


SPOH 


13.4 


2.4 


SPH 


14 
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(mmm 1 1 ) a i &m-H f o^mm&mmm- s i mm (mis) **s< 

AliSrl^lf&H J; o XMf& MIS(metaHnsulator-semiconductor)^ -^f 

mmm xm v ^ , mm m- ^ & mm u * & h n v * % * n «t o r a=s 3 m m , 

(^ifi^j 1 2 ) H f o^ltfeilMgl 

9 1 0 T*f^$g LfcHf 0 2 ^mftj@$ll£0tt;S£tt3*&S£j£M 5 fc IH 
S S G 1 0 ©3SS#fR© y t-^y^ (|Z|) 2fc tJ«S*fE — «JEE-Cfc 

*sn u) *?tm.mmm. u) ut^a ^ f Lfcfef^i 1 3 it^t 0 

m%<D$] (O : SSG10, A : SPOH N □ : SP-H) temm ~ «JEE<fitfB|£ ( 0 ) <D 
MWMZ^tl^tbTjk-t,, M 1 3 0M:joV^ 1 0 _1 ~1 0 6 H z ©©lit, h — ^ 

vf-^* izi©ii:i»w*^»[«:^#tti:*?j 9 o° <DMffi-mi£®:mm 

h mmm t tuna « £ < — m l x 9 . -t © « 1 -c- & o yt 0 

£t_h©#*lf J: !K S S G 1 0 ©ll#fI©$tt^St;ti^i^^£L 

fe 0 M0»j9T*^fcifci?, s so 1 0 (DmmfcmmteH fo 2 /s i o z mt 
v>>-mmxmf&tsft,x^z> 0 ^tcc m kmmm9xnbtitcH f o 2 /s i o 2 @g 

ll©gff (d = 8 . 6nm) k M I S * ^ f * — ffi^ ( S = 0 . 
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0 7 0 7 cm 2 ) b&m^X* H;&S#!l5 f^Lfc5£ (4) X V S S G 1 0 <7>f|« 
S SG 1 0 <7)^m#:^Mtt. H f O z mfrtbt£ Z>**r — k Si0 2 l^b 

c _ £ r £ 0 S _ S H joz £ o S | £ S io 2 e o S 

d d H/02 d Si02 (6) 

* (5) <K £ Hf02 ^TJ* C Si02 fi N H f OeI&^S i O 2 M CD VkWei,^ ^ d H Hf02 

&t^dsi02ti. H f 0 2 mRXfS i 0 2 ^<Ol^/?:Sr j e^^tt^i- 0 HJfefll 9 T?3fcfc 
fcWff, XtfS i 0 2 ^ifc^ffl;^(D#^{iI ( e S i02= 3. 9) SSG1 

o coh f o 2 mm<Dt£mmm*$itbtc 0 
£Ui<d4 nsxMffifrtb&feztitc s s g i o <Dmm.fcwm<Difrnmm 
(c m ) % ^jg^ (rj ( e r ) ruh f o 2 »m<7)ttmmm ( * 

Hf02) £Sl 1 1 l^i"„ 

S P-OHMS P-H{COV^Tl>im«I^^^J; (C m K 
£2»£t (R m ) MtffcJfc^tt^ ( £ r ) RXFH f OzMWUDktffimm ( £ H fo 2 ) £ 



[in] 





Rm / Q 


C m / nF 


£ r 


£ HI02 


SSG10 


1.91 x 10 8 


59.7 


8.2 


19 


SP-OH 


4.59 x 10 7 


47.9 


12 


15 


SPH 


4.13 x 10 5 


60.6 


13 





Robertson, J. Non crystalline solid, 303, 94 (2002)) , ^M^(DWM^it.y<JU 9 

38 



(Lorentz'Local Field Theory) «£ 9 £n tit V> £ (Kenji Natori, Appl. Phys. 
Lett., 73, 632 (1998)) . r©:ifi, ALD^MBEf ©»ttlftiaot^ 

lt, i^ffffifetj; <? s i mfc±\£te&.LitH f o 2 ^j^<Diim^f*. u (j. 

Appl. Phys., 93, 712 (2003)), 1 8 (Appl. Phys. Lett., 81, 1065 (2002)), 2 0 
(Microelectron. Eng., 69, 145 (2003)), RXfi 2 1 (J. Appl. Phys., 90, 6466 (2001)) 

(^J£M 1 3 ) H f Q 2 ^g^^M^i^M## 

&^14ll^t 0 fSl4 0fc*3V>T, ISSSGIO, AttSP-OH, □« 
S P -H&Zrti^timTo *fc^*Lt>£> 1 MV c m" 1 (Dmrn^Wm L-fc £ # tf>St 
*t«ii&£<Z>il&£ 1 2 K7jk-T 0 



[in] 



Hfo 2 ^a^ 


Mth9.tiL9SB£ /Acm- 2 


mmmmmEE /MVcm-i 


SSG10 


4.5 x 10 9 


4.0 


SP-OH 


5.6 x 10 6 


1.6 


SPH 


2.5 x 10 2 


2.1 



SP-OHiS P-H£ifci&-rS lMVcm-'OOTiiCfe^-CS P- 

OT'^/ct^u, SP-Hflt Hf 0 2 fl^t5iCH 2 0 2 fS il 

39 



SSGl 0©ltlllli, lMVcm-'O^Ptf {CioV^T, SP-OHiO 

(Appl. Surf. Sci., 157, 387 (2000)) o LfctfSoT, Hlfefll 9 &t>* 1 0 T^^fc <fc 
5t> SSGlOfjiS P-OHiik^WO^i^/i^iiftfi^M-eS) 

sit*, nftnm^mtt^mm£*htck^z_btbz> 0 i^mvrm&x%ftu 

Lfc 4~1 On mJ¥^CDH f O 2 ^^M^*fi-5 1 MV c m _1 (DftUjQMWflZ. fett 
5^i*t«$fE^<£>$g'gr#!j£ Lt, 1. OxlO- 10 Acm-' (J. Appl. Phys., 93, 
712 (2003)), 4.0x10-8 A cm'i (Microelectron. Eng., 69, 145 (2003)), 1 . 2x1 0 
~ 6 A c m _1 (Appl. Phys. Lett., 81, 2041 (2002)), 1. 5x1 0 _4 A cm -1 (J. 
Appl. Phys., 90, 6466 (2001)) i£&*B ibflX^^ Z 0 ^tffife-?#f>*l5f I 
t^tt, S S G 1 0 tt^ffiWWfe^#felfiEi:»5ffPI^©/h$*»tb««K«r^ 

Hi 4HIJ; ^i©H f o 2 #jgm N LtV^iiW 
£ 0 f 0 2 &m#&JBg<£> 1 MV c m- 1 (DMM &WMm<DMnmffi& m%.Tf 

mmmmmj±*m 1 3 ^-r 0 



»13] 



h f o 2 <omm 


&/A cm 2 




SSG10 


4.5 x 10 9 


4.0 


SPOH 


5.6 x 10 6 


1.6 


SPH 


2.5 x 10 2 


2.1 



h f o 2 mm(Dmmmmmi£<D±^ ^itssd o>sp-oh>sp-h© 

ffif3:*#< ^ot^fc, -JKWfc* frfbttMKttfM^KoilfeBJfttttt. nm^<D 

40 



*v k (xm) (dt^jz/* ish\z.mm-rz>z. t&%at>thx\,^z> (j P n. j. a pp l 

Phys. Part 1, 41, 5957 (2002)) o 1 0 mRXim 1 2 m<Dfagkfr h t>#/^5 X 5 

mmmm<Dmt \^xmfrfct%?iibtLZ> 0 
mmm 9 — 13 (Df&mx v % -rs h^ti©^^7^7 7 *h f o 2 

(SSG10) Ji#S{-'@EtL^i^i4^^oT*3 9 N §k+j-S*— h 
a£K:JI!v*5 r k&X% 5„ 

StiU, *fc#lt#Mf7^S?x^ (MOSFET, SWNT-FET 30 fc*3l* 

41 



RXfimm*&7*'tZk&tot>tlT^Z> (ftmWsJCffi ■• K.Kukli, et. al., J. Appl. 
Phys. 68, 3737 1996.) . r <D X 5 &Hfcft;n h n ^XSt^ h 



42 



If j£ <D 4S IS 



1. ^m^mm^^-t^^xummiCTkmm^mAvtz&u^. 
ism i *fce*©«3at*«fe. 

4. MiBX^C £ Btrl3X@D£>IKIfc\ WlEXmC-C^4fe$nfc^JRlfe'ft;JS^ 
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5. BulEXmC <tWIEX©D©ra^ x tf)l5XmA~C^.^/X«MIEXgE 

6. fJ|5X@C t HulBXgDO^f-, ffjiaX^A—C^t/^MISXmG^.t^ 

x ±m^M ji £ TM-t- 6 it ^ <d m m m 4 m ^mm <n mm ^ & 0 
m<Dttmmm& 1 ~4 ot^ 9 , 1 mv c m-i (Dmm^mm^tct 

frl 0-5 0 nmt^^^iMtt^iltt^ 

ii (in 5 fjt>j< <d«s msg 9 m iB«fe ^^m^^w^o 
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i 2 . mmmui^mmwmK i m v c m-i comm&M tfctt 
i 3 . mmMnfcmmnwkcom&fc i n m ~ i u m-e^ %>mm<Dmmw, 

l 4. iSW±©^M^S^W^b-^#jS^b^Sfim^l6i^j»J3I^^ 

i 5. mu^mik&mm^titiz^fnfc&m&tfv *jt y ^^w^ 
i 6. fltrSB^jssfe-fb^s^^^tts^jR-fk^^s i ^^^-&t?it^<D^ia^ 
1 7 . mmmmfcmmnm<D}tmnmi)$ i ~ i o o-e$>zm%:<Dffi.m$& i 4m 

1 8 . ftrfB^ttft:il&&?£Jggtt: 1 M V c m-KDnM&EPM b/c fc # (DMfrmm® 
1 0"i2~ i 0-2Acm-2t*fe5S*©iI$l 4 3S~^1 7^0V^-f 

1 9 . MUW9.&1feUW!lg(Dm&& 1 nm~ 10n m "C & f# jfc CD j& H $! 1 4 
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is m m 



WD b ?rtL, Xf4S#±(C Jfc$f«^*s l ~ l o 0 . 1 MV c m"i <Dm^£rPP 
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a 




io 8 


a 


io 7 




in 6 
1U 


A 






10 


I 


io 4 


A 




V 


io 3 








io 2 


I 

-L. 


io 1 




10° 
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6 
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/ 



p-SiTK (0.02 Q) 



•H 2 o 2 ^siZcfcy 

•aS^^X-fbCSi-OH^fiJc) 




OH-^ffiSi tK 



Xt°>=i— h(2lel) 



•10 mM Hf(O'Pr) 
hJU>/i*/-;U=1/1^j£i*i 



Hfo 2 -y;u^>r;uA 



•0 2 -77X*7 

(10 mW, 20 min) 
•^tW 500°C7--;U 



Hf0 2 M(SP-OH) 



(SP-H) 
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